Data included pubertal, reproductive and lactation records of primiparous females produced in a diallel of Angus, Brahman, Hereford, Holstein and Jersey. Brahman heifers were oldest, tallest and heaviest at puberty, while Jersey heifers were youngest, shortest and lightest. Crossbred heifers were 22 d younger (P<.01) at puberty than straightbred heifers; no significant differences were detected between the two groups for weight or height at puberty. Dairy heifers (Holstein and Jersey) required fewer services (P<.05) to conception than beef heifers. The difference between straightbred and crossbred heifers for number of services to conception was small and nonsignificant. Rank of straightbreds for age at conception was similar to their rank for age at puberty except that Holstein required 1.2 fewer services and were younger at conception than Jersey. Crossbreds were 41 d younger (P<.05) at conception than straightbreds. Brahman had the longest gestation length and were oldest at first calving; Jersey had the shortest gestation length and Holstein were youngest at first calving. Straightbred heifers gestated 1.3 d longer and were 45 d older (P<.05) at first calving than crossbred heifers. Dairy females had greater peak and total milk yield than beef females (P<.01). Overall stralghtbred and crossbred means for peak milk yield and total milk yield did not differ significantly.
Introduction
Beef producers should consider all phases of the beef production system if improvement in efficiency and productivity is to be made. The project that provided the data reported in this paper was designed to obtain information needed for planning efficient beef production systems. The breeds sampled were chosen primarily because of the wide ranges of size, growth rate, milk yield and other critical characters (Long et al., 1979) .
Among the critical characters is the age at which a heifer first calved. Lesmeister et al. (1973) observed that heifers which calved early in the breeding season tended to calve earlier throughout their lifetime and were more productive than those heifers that calved late in the breeding season. Age at first calving is a function of the time required for a heifer to attain sexual maturity, conceive and gestate.
Lactational performance in beef cattle has a major impact on beef production efficiency 1 Dept. of Anim. Sci. Received August 22, 1986 . Accepted January 26, 1987 through its influence on growth of the suckling calf and on nutritional requirements of the dam. Neville (1962) reported that approximately 66% of the variation in calf weaning weights was due to differences in milk consumption.
Information of the expected performance of available breeds and their crosses for these characters is needed for designing breeding programs with the goal of producing individuals that optimally complement production conditions and resources. The objective of this study was to evaluate several biological types of cattle for characters measured at puberty, conception and calving and during lactation.
Materials and Methods
These data were obtained from a comprehensive study conducted at the Texas Agricultural Research Center at McGregor. Angus (A), Brahman (B), Hereford (H), Holstein (F) and Jersey (J) cows in herds of cooperating breeders from Texas (one in Louisiana) were artificially inseminated with semen from a sample of bulls from the same breeds. Twenty-five to 30 sires per breed were used. Semen was obtained through donations from artificial insemination (AI) organizations and private breeders. A diallel mating design was followed. With five breeds, a diallel design produced 25 breed types: five straightbred (SB) and 20 crossbred (CB) types. Reciprocal crosses were pooled prior to initial assignment because fewer calves were produced than required by the experimental design. Therefore, the project was conducted as a modified five-breed diallel with five SB and 10 CB types (reciprocals pooled).
First-generation calves of Angus, Brahman and Hereford dams were weaned at 3 to 4 mo of age; calves of Holstein and Jersey dams were weaned at 3 to 7 d of age and delivered to commercial dairy calf raisers to be reared artificially. All calves were assembled at the Texas Agricultural Research Center at McGregor at 3 to 4 mo of age.
Upon arrival, calves were placed in quarantine for 21 d. During this period calves received a diet (diet 1) consisting of 25% cottonseed hulls, 48.5% grain sorghum, 20% cottonseed meal, 4% vegetable fat and 2.5% vitamin and mineral supplement. At the end of this isolation period, calves were separated by sex and placed in drylots for diet and location stabilization. At approximately 6 mo of age, heifers were randomly assigned to either pens for individual feeding or pasture. Second-generation heifers were weaned at approximately 7 mo of age and randomly assigned to either one of three pasture herds or individual feeding pens. Second-generation heifers received the same diet as firstgeneration heifers.
One hundred eighty-one heifers representing F 1 and F2 generations, approximately six per breed type per generation, were housed in 3 x 10 m open, dirt-floored pens. Due to sickness and fertility problems, there were only 155 heifers with pubertal and breeding records (table 1). Calving records of four females were deleted because their pregnancies were not fullterm (calves born dead before d 220 of gestation). Heifers were kept in their assigned pens during daylight hours. Each night they were turned out in drylots in groups of approximately 30 head to provide for increased exercise. Exercise lots contained a marker bull used to aid in detection of estrus. Heifers received diet 1 until puberty; the diet fed post-pubertal heifers until d 90 of gestation consisted of 50% cottonseed hulls, 33% grain sorghum, 10% cottonseed meal, 4% vegetable fat and 3% vitamin and mineral supplement (diet 2); the diet fed from d 90 of gestation until calving consisted of 77% cottonseed hulls, 10% cottonseed meal, 4% vegetable fat and 9% vitamin and mineral supplement (diet 3). Puberty was defined as the time of first ovulatory estrus. Heifers were examined by palpation per rectum at 3-wk intervals, and when marked by a bull, for detection of corpora lutea. Date and hip measurements were recorded for each female at puberty. Hip height was taken at a point between the hooks using a vertical metric rule with a perpendicular, horizontal crossbar and measured to the nearest centimeter. Pubertal weights were recorded for approximately half of the heifers; pubertal weights for the remaining females were interpolated from monthly weight records.
Heifers were inseminated at their first estrus beginning 105 d post-puberty. Females and contemporary bulls were randomly mated inter se by AI, with the exception that half-sib matings were avoided. There were 112 yearling bulls, approximately seven per breed type, utilized in this study. Semen from these bulls was evaluated by either one of two independent laboratories for number of live spermatozoa, motility and concentration. Minimum requirements for firstgeneration bulls was 7,000,000 live cells per ampule pre-and post-thawing; second-generation bulls were required to have 12,000,000 live cells per ampule. These levels were considered adequate to ensure maximum fertility (Pickett and Berndston, 1978) .
Heifers were observed twice daily for estrus. Individuals marked by a bull or exhibiting visual signs of estrus were moved to the breeding pens and inseminated approximately 12 h later. Date of conception was defined as the AI date that resulted in pregnancy. Age at conception was calculated using conception and birth information. Number of services per conception was recorded for each female that conceived. Age at first calving and gestation length were determined using appropriate dates of birth, conception and calving.
Milk data were collected monthly on a sample (n--99) of the primiparous cows and their calves. Milk output of cows with calves approximately 3 wk to 8 mo old was estimated using a weigh-suckle-weigh technique. Dams and their calves were separated at 1800 the day prior to collecting milk yield data. At 0600 the following day, cows were moved into individual stalls; calves were weighed and allowed to nurse their dams. When nursing was complete, calves were removed, weighed and placed in a holding pen. This procedure was repeated at 1200 and 1800. Daily milk yield was then recorded as the sum of the three weights. This is not the usual procedure that has been followed using calf weigh-suckle-weigh. For the present study this method was deemed more appropriate because the pairs were separated daily throughout the experiment. Therefore, calves were accustomed to this routine and the measurement would be an estimate of milk consumed on the given day.
Observations on individual cows were used to estimate lactation curve parameters using an empirical equation similar to that described by Jenkins and Ferrell (1985) . Peak milk yield and total milk yield were predicted from the lactation curve parameters.
Data were analyzed using least-squares procedures for unequal subclass numbers (Harvey, 1975) . A preliminary fixed model that included breed type, season of birth, generation, birth year within generation, plus two-factor interactions of main effects was used in the analyses of age at puberty (AP), puberty weight (PWT), puberty height (PHT), number of services (NOSV), age at conception (ACON) and age at first calving (AFC). Seasons were based on calendar seasons. Breed type x generation interaction was significant for AP, PWT and PHT; other two-factor interactions were nonsignificant for the characters studied. Nonsignificant interaction effects were excluded from final model analyses.
The preliminary model for analysis of gestation length (GEST), peak milk yield (PMY) and total milk yield (TMY) included breed type, season of calving, generation, calving year within generation, calf sex, plus two-factor interactions of main effects. Calf sex and two-factor interactions were nonsignificant. The final model for GEST, PMY and TMY included breed type, season, generation and year within generation.
Linear functions were used to estimate overall SB and CB means. Contrasts were used to compare specific CB types with the average of appropriate parental types and to compare overall SB and CB means, which will be referred to as heterosis in this paper. In addition, contrasts were used to compare certain SB and CB breed type means.
Results and Discussion
Breed type was a significant source of variation for all characters studied. Differences due to season were detected (P<.01) for AP, PWT and PHT. Second-generation females were older, taller and heavier at puberty and required fewer services to conception than first-generation females. Year within first generation was a significant source of variation for AP, PWT, PHT, ACON and AFC. Year within second generation was only significant for AP, PWT and PHT. Differences due to breed type x generation interaction were detected for AP, PWT and PHT.
Characters Measured at Puberty. Breed type least-squares means for pubertal characters are given in table 2. Brahman females were oldest, tallest and heaviest at puberty; J were youngest, shortest and lightest. Similar rankings were reported for first-generation (Stewart et al., 1980) and second-generation heifers (Posada, 1981) . Beef females were older and heavier than dairy females (P<.01). While much of the difference between beef and dairy females was due to the B means, differences existed (P<.05) between the British beef breeds and the dairy breeds. Holstein were taller and heavier than J at puberty (P<.01) but similar in age.
Among CB, B crosses were generally oldest, heaviest and tallest at puberty, while J crosses were youngest, lightest and shortest. Although B X dairy heifers were taller (P<.01) at puberty than B • British beef heifers, no differences (P>.05) in age or weight at puberty were detected. Angus x Brahman heifers were younger and shorter at puberty than the average of A and B heifers (P<.05), but puberty weights did not differ (P>.05). Reynolds et al. (1963) reported a ranking of A, B and AB heifers similar to that in this study. Means of AH and BH were not significantly different from the parental breeds for pubertal characters. Average heterosis was significant for AP; CB were younger than SB. Heterosis estimates for PWT and PHT were nonsignificant. Wiltbank et al. (1966) and Laster et al. (1976) also reported that heterosis had a significant effect on age at puberty, but little effect on weight at puberty.
Characters Measured at Conception. Breed type least-squares means for NOSV and ACON are given in table 3. Among SB, F heifers required fewest services and were youngest at conception. Jersey, which were 18 d younger at puberty than F (table 2) , required almost twice the number of services and were 20 d older at conception (P<.05). Beef females required more services (P<.05) and were older at conception (P<.01) than dairy females. Number of services per conception in this study were higher than has been reported for some of these breed types (Wiltbank et al., 1961; Reynolds et al., 1979) . Crosses involving dairy breeds generally required fewer services and were younger at conception than crosses involving beef breeds. Angus x Brahman heifers required more services than the average of A and B heifers (P<.01), but did not differ for ACON (P>.05). Reynolds et al. (1979) reported that A and B required more services than AB, but the difference was nonsignificant. Heterosis estimates for AH were nonsignificant. Brahman x Hereford heifers were younger (P<.01) at conception than the parental breeds. Although the number of services required for CB and SB heifers was similar, the CB were younger at conception (P<.01) than SB primarily because they were younger at puberty.
Characters Measured at Calving. Breed type least-squares means for AFC and GEST are given in table 4. Jersey heifers had the shortest GEST and F heifers were youngest at first calving; B heifers had the longest GEST and were oldest at first calving. Rank of SB females for AFC was the same as that reported for pastured females from the present study (McElhenney et al., 1985) ; slight differences in rank were reported for GEST. Gestation lengths for various breed types were somewhat shorter than previously reported (Anderson and Plum, 1965; Plasse et al., 1968; Reynolds et al., 1980; McElhenney et al., 1985) , Bourdon and Brinks (1982) found GEST to increase as age of dam increased. The difference between values re- (1985) reported a negligible difference betweeen SB and CB means for pastured females from the present study. Average heterosis estimates reported for GEST have generally been small and nonsignificant (Cundiff et al., 1974a; Long, 1980; Reynolds et al., 1980) .
Characters Measured During Lactation. Holstein ranked first among SB for PMY and TMY, followed by J, A, B and H (table 5) . Reynolds et al. (1967) reported similar ranking of Angus and Brahman for daily milk yield. Todd et al. (1969) reported similar ranking of Hereford and Brahman for daily milk yield. Peak and total milk yield of Angus exceeded that of Hereford (P<.01). Gifford (1949) , Gleddie and Berg (1968) and Omar (1974) found daily milk yield of Angus dams to be greater than Hereford dams throughout lactation. Greater PMY and TMY was observed (P<.05) for Holstein than Jersey.
Among CB, dairy crosses ranked higher for PMY and TMY than beef crosses. Peak and total milk yield of AB females was intermediate to Angus and Brahman females. In contrast, Reynolds et al. (1967) noted that milk yield of AB females exceeded that of both parental types. Means of AH for PMY and TMY was less than the average of Angus and Hereford. Cundiff et al., (1974b) reported AH had greater milk yield than the average of the parental types. No significant differences between SB and CB means were found for PMY or TMY.
Conclusions
Those females that reached puberty earlier tended to calve at an earlier age. However, a change in rank of F and J females occurred due to differences in number of services per conception. In addition, the magnitude of differences between some breed types changed between ACON and AFC due to GEST.
Crossbred heifers were younger at puberty, had a shorter gestation period and calved earlier than SB heifers. However, no differences were detected between CB and SB for fertility as measured by services per conception for yearround breeding. McElhenney et al. (1985) observed little difference between the two groups for fertility when measured by postpartum or calving intervals.
Dairy females (F and J) had greater peak and total milk yield than beef females (A, H and B). Similarly, crosses involving dairy ranked higher than crosses involving beef. Average heterosis estimates for PMY and TMY were small and nonsignificant. 
